Introduction
Innovation is the main engine of long-run economic growth. In a frictionless world where knowledge spills over freely, there would be no cross-country differences in technological progress and hence long-run growth; however, substantial variations across and within economies have existed in the real world. The purpose of this paper is to document comprehensive cross-country trends in technological progress by examining US patent citations 1 Department of Economics, Seoul National University, 1 Gwanak-ro, Gwanak-gu, Seoul, Table 1 confirms the meteoric rise in knowledge production by the emerging Asian countries of Korea, Taiwan, China and India. Interestingly, it also shows that the volume of patents has been rising for every country during the 1990s and 2000s. In particular, the 1 Roughly 99% of all relevant patents in the sample period originated from the top 15 countries.
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number of patents by US inventors during the final 4-year period of 2008-2011 is more than two and a half times that of the initial period of 1980-1983; Japan, the second largest patent-producing country in 1980, saw a five-fold increase over the same time span. Other advanced countries of Europe (Germany, EU, France and Great Britain) are also producing substantially more patents now than before.
Despite this seemingly apparent global success in technological progress, serious concerns have been raised against the actual substance behind the recent surge in the volume of patents. In particular, Jaffe and Lerner (2004) argued that policy shifts in the US in the 1980s led to reduced costs of patent application on the one hand and a shortage of qualified examiners on the other, culminating in an exponential rise in the volume of USPTO-granted patents with lower average quality.
2 Ample evidence also exist to suggest similar quality decline in patents from the European Patent Office (EPO), the other major patent-granting body.
3 In order to obtain more accurate gauge of the overall strength of technological progress, therefore, one must account for the quality of patents.
While the quality of innovation has been widely recognized for its important role in determination of economic growth (e.g. Grossman and Helpman (1991) , Aghion and Howitt (1992) ), there exists an intrinsic difficulty in its coherent measurement across countries and over time. Countries are highly heterogeneous and underlying factors affecting innovation are changing constantly. In this paper, we aim to establish stylized facts on international technological progress based on rigorous analysis of patent data. We overcome the issue of country-wide heterogeneity by focusing on USPTO-granted patents and address the timevarying nature of USPTO practices by adopting the method of difference-in-differences.
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Since the study of Trajtenberg (1990) , the citations data have offered an important source of patent quality measure: higher quality patents should generate more impact and hence more citations. The first part of our analysis studies the patent quality of different countries as measured by citations received within two years. Specifically, we develop a panel regression model with fixed effects to compare the patent quality of non-US inventors to that of US inventors in each of the three decades, 1980s, 1990s and 2000s . Using multiple measures of patent quality based on citations information, our regression analyses establish the following stylized facts:
• Patent quality of the emerging Asian economies of Korea and Taiwan caught up with the US during the 1990s, while similar catch-up occurred for China during the 2000s.
• Patent quality of the advanced nations of Europe and Japan declined relative to the US.
• The US maintained highest patent quality.
Our empirical analysis demonstrates that the rapid rise of Korea, Taiwan and China in patent production can indeed be substantiated by underlying quality improvement. On the other hand, our results throw caution to the possible conclusion from Table 1 that innovation has been advancing in other countries, in particular, the traditional powerhouses of Europe and Japan. When measured vis-à-vis the US, patent quality of these countries have declined during the sample periods. In the case of Japan, whose patent volume increased most among the advanced nations, the initial advantage over the US in patent quality was wiped out by the 1990s and turned into deficit in the 2000s. Perhaps most interestingly, the US continued to be the country of highest patent quality and even strengthened its relative advantage against many countries over the last several decades. The patent citations data offer another avenue to obtain an output indicator of innovation activity by different countries. Our idea is that an inventor who is quicker at citing the frontier technology is more likely to be closer to the frontier itself and hence in possession of superior innovation capacity. In the second part of our paper, we examine this idea by directly estimating the distance to knowledge frontier across countries during the sample period. By taking US-inventors' patents as the frontier technology, we adopt the fixedeffects estimator of Griffith, Lee, and Van Reenen (2011) to measure the speeds with which non-US inventors cite the frontier patents relative to US-inventors, which we refer to as "citation lag". Examining the trends, the citation lags for the advanced countries of Europe and Japan vis-à-vis the US did not change significantly over the last three decades. The main observation is the following:
• Most significant gains in narrowing of the distance to the knowledge frontier were made by the emerging economies of Korea, Taiwan and Israel.
Therefore, the technological progress of Korea and Taiwan have indeed been achieved on multiple dimensions. Israel's patent quality was much closer to the US than Korea and Taiwan in the early 1980s, and our evidence does not suggest any improvement in this dimension for Israel. China, for whom our evidence on patent quality trends suggest significant upgrade, did not register meaningful improvement on citation lag.
The literature on investigating patents as economic indicators is large and extensive.
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Among this literature, an early study on using patent citations as a quality indicator was by Trajtenberg (1990) , who estimated the effect of various research inputs on the citation-weighted patent counts. 7 An index of patent quality using citations information was developed by Lanjouw and Schankerman (2004) . Also, a number of studies report a positive relationship between patent citations and market value of the patent holder (e.g. Bloom and Van Reenen (2002), Hall, Jaffe, and , Belenzon (2012) ).
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Another area in which patent citations have been used extensively is the literature on knowledge diffusion. Using patent citation information as a direct measure of the transfer of knowledge, this empirical literature explores the role of distance, e.g. national boundaries.
See Jaffe, Trajtenberg, and Henderson (1993) , Jaffe and Trajtenberg (1999) , Thompson and Fox-Kean (2005) , Henderson, Jaffe, and Trajtenberg (2005) , Thompson (2006) and Griffith, Lee, and Van Reenen (2011) , among many others.
In contrast to the aforementioned papers that explore patent citations data to measure knowledge spillovers, this paper uses citations to track the recent cross-country trends in technological progress. Unlike usual scientific citations, patent citations are often inserted at the request of examiners who set the boundaries of the new patent and note its context.
While this raises a concern over the extent to which examiner-added citations measure knowledge spillovers (e.g. Jaffe, Trajtenberg, and Fogarty (2000) ), 8 such concerns are less likely to apply for measuring patent quality and distance to the knowledge frontier.
Examiner-added citations may offer more objective evidence of patent quality and also how close a new patent has come to challenge the cited patent.
Another important distinguishing feature of our paper is the dataset. While most of the previous related studies were based on the citations data only up to 1999 (compiled by NBER) or sometimes up to early 2000s (using, for instance, Bronwyn Hall's dataset that goes up to 2002), we have updated the dataset up to 2011. This enabled us to obtain valuable insights into the global innovation trends in the most recent decade, including the growth of China which was not picked up previously.
Our paper also contributes an old debate on growth accounting and total factor productivity (TFP) in East Asia. During the 1990s, a number of authors (e.g. Young (1995) , Page (1994) ) concluded that the rapid growth of the four Asian Tigers (Hong Kong, Singapore, South Korea, Taiwan) up to 1990 was almost entirely quantity-driven. Our analysis presents micro-level evidence that indeed suggests the occurrence of quality-driven growth by these countries, as well as China, since the 1990s.
Finally, we contribute to the literature on innovative activities in Asia. This literature sought to explain, among other things, the pattern of knowledge diffusion into and within the emerging Asian economies (e.g. Hu and Jaffe (2003) , Hu (2009) ) and the role of innovation behind their successful growth (e.g. Hu and Mathews (2005) , Hu and Jefferson (2009), Griffith and Miller (2011) , Lee (2013) ). We offer not only comprehensive trends of technological progress by Asian economies using an updated dataset but also those of other important patent-producing countries outside Asia.
The remainder of the paper proceeds as follows. In Section 2, we describe our data.
In Section 3, we study cross-country trends in patent quality by employing differences-indifferences estimation against the US benchmark in different time periods. In Section 4, we measure distance to the knowledge frontier, using the fixed-effects estimator of Griffith, Lee, and Van Reenen (2011) , and document the trends across countries. Section 5 offers some concluding remarks. Appendices provide further details on our dataset as well as additional analyses that are left out of the main text for expositional reasons.
Data
We use USPTO patent citation data from January 1980 to December 2011. 14 Our estimation analyses below also consider patents produced by the rest of the world (RW).
Measuring Innovation via Patent Quality
The patent data offer a natural source for exploring the innovation capacity of a country.
In this section, we analyze cross-country trends in patent quality measured by citations.
3.1. First Look. Figure 1 shows the cross-country trends in the "citation frequency", i.e.
the proportion of patents that were cited within two years from their grant dates across the 15 inventor locations (countries). Here, we take the US as the technology frontier, and its trend as a benchmark, and evaluate relative performance of the other countries. In each graph, the dashed line depicts the US benchmark trend.
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Prior to 1980, there were only very few patents from the emerging economies of China, India, Korea, Taiwan and others. We therefore begin our analysis from 1980.
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EU consists of the following 12 countries: Austria, Belgium, Denmark, Finland, Greece, Ireland, Italy, Luxembourg, Netherlands, Portugal, Spain and Sweden, as in Griffith, Lee, and Van Reenen (2011) .
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Hong Kong is excluded from China. In Appendix A, we explain how the location of the first inventor of a Chinese patent was checked in this regard. Second, the advanced nations-the European countries (Germany, EU, France, Great Britain and Switzerland) and Japan-exhibited declines in citation frequency relative to that of the US. For the European countries, the gap against the US widened substantially over the period; for Japan, the initial advantage over the US was reversed and a substantial deficit emerged.
Third, and perhaps most importantly, the data reveal sustained prominence of the US in innovation quality measured by patent citation frequency. Its benchmark trends consistently lie above those of all other countries with few exceptions. The rapid improvements shown by Korea and Taiwan resulted in actual overtaking around the mid-90s but this was followed by relative decline in the 2000s, similarly to the pattern experienced by Japan.
China's citation frequency reached parity with the US towards the end of the last decade.
Note that the above measure of citation frequency focuses only on whether or not a patent has been cited within a two-year window. While it is natural to think that cited patents are more likely to be of higher quality than non-cited patents, one might argue that there are other important citation measures correlated with the patent quality, for example, the average number of citations received. Also, Figure 1 demonstrates citation patterns for all industrial sectors; there might be meaningful variations if instead we compared the countries in different sectors separately. Therefore, we next conduct a more rigorous and comprehensive regression analysis of the cross-country trends in patent quality. In addition to citation frequency, our regression model also takes as dependent variable the average of the total number of citations received within two years for the patents produced by each country, referred to as "average citations". 
where Y cst is either the citation frequency, or the average number of citations, received in 2 years for country c, sector s and grant year t, 15 {s i } are 36 sector (sub-category) dummies,
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{t i } are 29 grant year dummies, 17 and ε cst is the regression error term. In addition, the following regressors are included to obtain difference-in-differences (DiD) estimates (vis-à-vis the US):
where 1{·} is the usual indicator function.
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The parameters of interest are the coefficients η 1 , η 2 and η 3 , which capture the difference compared to the US in the 1980s, 1990s and 2000s, respectively, for each country. 19 To account for the different sample sizes of cohorts, we adopt weighted regression with the 15 There are all 16 countries (or groups of countries) including RW (rest of the world), 37 sectors (subcategories) and 30 grant years (excluding the last couple of years so that patents for each grant year have a two-year-period of citations received).
16 Sub-category is a variable from the NBER datasets and it sub-categorizes the six industrial categories. There are 37 sub-categories in total.
17 While the dataset covers all 32 years from 1980 to 2011, our regression here considers patents up to only 2009 to allow for full 2-year forward citations; also, year 1980 is omitted. 18 We have also conducted DiD estimation across different time intervals (periods of 8, 9, 11 and 12 years) but the results are qualitatively unaffected. 19 The size of the coefficient matrix is (15 × 1) instead of (16 × 1) since we omit the US benchmark case.
weights given by the number of patents in each cell. Standard errors are clustered by country and sub-category. Table 2 reports the estimation results which report the sector-adjusted and grant-yearadjusted cross-country trends in patent quality represented by two different citation measures. Indeed, we find that these results are consistent with the earlier observations in Figure 1 , whether we take citation frequency or average citations as the dependent variable. We summarize our findings as follows. 
Country 1980-1989 1990-1999 2000-2009 1980-1989 1990-1999 2000-2009 Japan ( Fact 2. Patent quality of the advanced economies of Europe and Japan declined relative to the US.
The second notable stylized fact is the relative decline of the advanced nations of Europe and Japan. In the initial sample decade of 1980s, EU and the major European countries (Germany, France, Great Britain and Switzerland) had relatively small patent quality deficits against the US in terms of both citation frequency and average citations.
For instance, in terms of citation frequency, the coefficient value was -0.026 for Germany and -0.024 for Great Britain, with the latter being statistically insignificant. Japanese patent quality in the 1980s was actually better, with the corresponding coefficient being 0.052. However, significant decline occurred during the 1990s for all these countries. For
Germany, the citation frequency coefficient dropped to -0.079, and for Great Britain, it became -0.066 (significant at 0.1% level). For Japan, the decline erased its advantage altogether. The last decade witnessed continued decline for these countries, albeit at somewhat slower pace, except for Great Britain who reduced the deficit slightly.
Fact 3. The US maintained highest patent quality.
Perhaps the most noteworthy observation from our analysis here is the confirmation of the dominance of US patent quality. In the 1980s, although the US displayed better patent quality against most countries, the advantage was relatively small against other advanced nations; also, Japan had higher patent quality while the difference from Great Britain or Switzerland was statistically insignificant. In the 1990s, however, the relative position of the US strengthened substantially against all countries on both measures, except for the case of Korea and Taiwan. The final decade saw this trend continuing for many countries, especially, Japan and most European countries. Other countries that managed to reverse the trends did so in relatively small scale. Korea and Taiwan went from the rapid catchingup in the previous decade to deficits. China was the only country that achieved statistical parity with the US in the 2000s.
The remaining countries did not reveal patterns that were as conclusive as the aforementioned countries. Their estimation results depended on the dependent variable, except during the 2000s when they all recorded some gains relative to 1990s in terms of both measures of patent quality. Among them, it is worth noticing that, despite a substantial increase in the volume of patents since 1980, India's patent quality has not displayed similar tangential improvement.
The main regression results here are intact if we control for aggregate sectors (six industrial categories as defined by the NBER data) instead of using sub-category sectors and also if we use a five-year window to compute the citation frequency and average citations instead of using the two-year window. See Tables C.1 and C.2 in Appendix C.
3.3. Hirsch Index. While citation frequencies and average citations both capture some aspect of a country's patent quality, such measures may not explain overall technological innovation because they fail to take into account the total size or productivity of the innovation sector, i.e. the number of patents granted. One measure to capture citationadjusted total research output is the Hirsch index, or simply H-index, which is widely used to measure a scholar's research performance.
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In Appendix B, we report two sets of estimation results (Poisson and negative binomial models) with H-indices as dependent variables. These results broadly support our previous findings on average patent quality. With the quantity of patents also taken into account, we see that Korea and Taiwan actually continued to strengthen their worldwide positions during the 2000s; moreover, substantial technological gaps still separate the emerging economies from the advanced economies of Japan and Europe. In order to highlight these overall trends, in Table 3 , we present the international rankings based on H-index regression results for each of the three previous decades. A higher ranking means an H-index closer to that of the US in the corresponding decade. We observe that Japan, Germany and EU maintained the top 3 positions throughout the three decades. The rankings of Korea and Taiwan rose most substantially, while France and Switzerland showed notable declines.
Measuring Distance to the Knowledge Frontier
The patent citations data enable us to explore another channel of measuring the trends in technological progress. Taking US as the knowledge frontier, we next consider the speed with which US patents are cited by non-US patents. As discussed in Introduction, our perspective is that an inventor who is quicker at citing a frontier patent is closer to the frontier itself.
4.1. First Look. Let us begin by documenting how much longer on average it takes for inventors of a given country to make first citations to US patents than US inventors. Reduced citation lags may result from multiple sources other than improvement in technology capacity of the citing inventors. Since higher quality patents may be more likely to be cited, advance in US patent quality could lead to quicker citations by other inventors; another potential reason for smaller citation lags would be diminished international frictions against knowledge spillover due to, for example, better communication technology. In order to take account of this issue, we consider the relative distance to the US benchmark across countries. The sample period is divided into 8 equal-length sub-periods to scrutinize the trends.
The graphs of Figure 2 demonstrate several noteworthy features of the cross-country trends in average time to first citation. First, there were no significant differences for the advanced European nations (including Switzerland) and Japan in the early 80s relative to the US, and this remained true throughout the entire sample period. Second, for the remaining nations, substantial lags existed in the early 80s but these lags decreased throughout the sample period. In particular, the rate of reduction was most marked for Korea, Taiwan and China, the three countries who also made dramatic catch-up in patent quality as seen in Section 3 above. For instance, between 1980-83, the average time it took a Korean inventor to cite a US patent was more than 150% that for her US counterpart;
by 1996-1999, the deficit was actually reversed. For China, parity with US inventors came about during the latter part of 2000s.
4.2. Econometric Model. In this section, we formally estimate distance to the knowledge frontier by defining the latter as the set of patents taken out by inventors residing in the US. To achieve our goal, we use the fixed-effects estimator of Griffith, Lee, and Van Reenen (2011) . We first provide a brief review of their estimator and then present our empirical results. Notes: Each graph shows the relative time that it takes for an inventor of the given country to cite a US patent for the first time. For example, in the graph for Korea, 166.8% for the first sub-period indicates that it took 166.8% longer (in mean number of days) when the first citation of a US patent was made by a Korean inventor than when the first citation was made by a US inventor.
In the framework of Griffith, Lee, and Van Reenen (2011) , there are a set of inventions i = 1, ...., I and a set of inventors j = 1, ...J. The inventors will learn of invention i after a time period T ij and therefore, T ij can be thought of as the "citation (or diffusion) lag" between invention i and inventor j. There are several factors which determine the citation lag including characteristics of the invention i, Z i , characteristics of the inventor j, Z j and the joint characteristics of the invention-inventor match, Z ij . There will be a set of non-geographical variables as well as geographical variables that will influence the speed at which technology spillover occurs.
The hazard function of the citation lag is affected by a vector of explanatory variables X ij , incorporating the empirically observable counterparts to Z ij and Z j and an unobservable fixed effect, U i , which absorbs all the factors specific to the cited patent, Z i . Unobserved heterogeneity U i includes patent quality among other things.
In this section, we regard the set of US patents as the frontier and aim to estimate the distance to the frontier by regressing US (cited) patents on characteristics of citing patents from non-US inventors. Since higher quality patents are likely to be cited more quickly, it is crucial to control for unobserved patent quality, as emphasized by Griffith, Lee, and Van Reenen (2011) . 22 As a consequence, our estimates would be robust even if there had been changing trends in the quality of US patents over time.
Specifically, Griffith, Lee, and Van Reenen (2011) consider a multiple-spell version of the mixed proportional hazards model. Their regression model can be written as
where β is a vector of unknown parameters, λ i (·) is a cited-patent specific baseline hazard function, Λ i (t) = t 0 λ i (u)du, ε ij is i.i.d. over i and j, independent of X ij , and ε ij has the
23 Then an estimate of β can 22 To this end, we only use "within-cited-patent" variations. 23 Griffith, Lee, and Van Reenen (2011) allow for not only the unobserved fixed effect U i but also the cited-patent specific baseline hazard function λ i (·).
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be obtained using a conditional likelihood approach, while accounting for right censoring.
The covariates of interest are inventor country dummies for citing patents. We interpret their coefficients as the corresponding countries' distance to the knowledge frontier. A negative (positive) value means that the country is behind (ahead of) the frontier.
4.3. Regression Results. In our empirical analysis, we fix the "potentially cited" country to be the US and consider only US patents. As discussed in the previous subsection, this amounts to interpreting the US as the knowledge frontier. This simplifying assumption is a reasonable first-order approximation in view of our findings in Section 3. We split the sample period into 8 sub-periods of each lasting four years and estimate for each sub-period the citation lag model with the first two citations (J = 2), as described in the previous subsection.
Included covariates for citing patents are the self citation indicator (whether a citation is from the identical assignee), the same sub-category dummy (whether a citation is from the same sub-category), the base cohort size (which is the number of patents in the citing country and technology sub-category for the citing year), the corporation dummy (whether the citing first assignee is a corporation or not), category dummies (six industry level dummies), and citing country dummies. Among these, the citing country dummies are covariates of interest. Their estimated coefficients represent how fast the non-US inventors cite US patents compared to US inventors, and hence, how close the non-US inventors are to the technology frontier. Table 4 shows the estimation results. 24 For example, the first row of Table 4 displays the coefficient estimates for Japan through the 8 sub-periods. The estimate for the first sub-period in this row is -0.21 which means that inventors in Japan cited US patents about 21% slower than US inventors. 2. Our regression model controls for base cohort size (the number of patents in the citing country and technology sub-category for the citing year), self citations (citations between patents with identical assignees) and within-subcategory citations (citations between patents within the same category). Corporation dummies (whether or not the first assignee is a corporation) and category dummies are also included. 3. We include CN and IN in RW for the first two periods to avoid diverging estimators due to the small sample sizes of such cohorts.
To assist exposition, Figure 3 displays the coefficients of each country dummy together with the corresponding coefficients for the Japanese dummy. In terms of distance to the frontier, Japan is one of the countries that has maintained its proximity to the US throughout the sample period.
Let us summarize our main finding for this section below. China does not feature in this league. Recall that China actually seemed to achieve rapid progress when we simply considered the average time to first citation of US patent ( Figure   2 ). However, this observation did not survive a rigorous econometric analysis that used multiple citations to estimate the hazard function. Although China closed her distance to the frontier somewhat during the 1990s, the distance grew again in the last decade.
It is also interesting to observe that, in terms of citation speed, the advanced economies of Japan and Europe (as well as Canada, Australia and FSU) actually maintained their relatively close position to the US frontier throughout the sample periods. Japan, in particular, have been more or less on level terms with the US for the last three decades, ahead of all the other countries. Canadian inventors are slower than Japanese inventors despite its geographic proximity to the US.
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Figure 3. Graphical representation of estimation results in Table 4 Figure 3. Graphical representation of estimation results in Table 4 (continued)
Notes: Each graph plots the coefficient values for the country dummy. Japan is included in every graph as a benchmark.
Our findings are related to the literature on "absorptive capacity". Griffith, Redding, and Van Reenen (2003, 2004) Mancusi (2008) concluded that absorptive capacity increases the elasticity of a catching-up country's innovation to international spillovers, but not that of an advanced country. Our estimation results are consistent with this perspective. In particular, unlike Korea, Taiwan and Israel, other emerging countries such as China might not have accumulated a sufficient level of absorptive capacity to benefit from international knowledge spillovers.
One might suspect that our results might be driven by a small number of industry sectors since the economies of Korea and Taiwan, in particular, are highly concentrated (e.g. electronics and computers). In order to address this issue, we also conduct the citation lag model regression sector-wise and report its results in Appendix C (Tables C.3 to C.8). The magnitudes of the coefficients of interest turn out to differ across industries; for instance, the coefficients for Taiwan and Korea in the first sub-period are −1.12 and −0.48, respectively, for the chemical sector, while the corresponding numbers for the computers and communication sector are −2.65 and −2.2, respectively. However, in terms of the trends, these sector-wise regression results are qualitatively similar to those of Table 4 . In particular, we observe rapid upward trends for Korea, Taiwan and Israel in all six sectors.
Conclusion
In this paper, we have analyzed cross-country trends in technological progress over the period of 1980-2011 by considering an updated USPTO citations dataset. Our estimation results reveal several noteworthy stylized facts. As widely expected, the emerging Asian economies of Korea, Taiwan and China have indeed achieved rapid inroads towards the technology frontier. In the case of Korea and Taiwan, progress has been made in terms of patent quality as well as distance to the frontier. Chinese patents are on average of substantially higher quality now than before but Chinese inventors have yet to reduce the citation lag relative to the frontier. In contrast, advanced economies of Europe and Japan
INTERNATIONAL TRENDS IN TECHNOLOGICAL PROGRESS
have been in steady decline in their patent quality. Perhaps most interestingly, the US has maintained, and in some cases reinforced, its position as the world technology frontier.
Our results pose a number of intriguing questions for the years ahead. On the one hand, the emerging Asian countries would overtake the traditional knowledge powerhouses of Europe and Japan if they could sustain the recent levels of faster technological progress.
On the other hand, it will be interesting to see whether these emerging countries will close the gap further against the US. Although Korea and Taiwan Last but least, we also wait to see if other countries newly spring to join the growth path of the aforementioned Asian economies in innovation.
In this study, we focused on patent citations data from the USPTO. While this may have caused some bias in favor of US patents, the trends of all other countries were measured relative to those of the US. Nonetheless, it will be worthwhile also to study the corresponding trends using data from other major patent offices, especially, from the EU. Perhaps the more important future research set out by the current study would be to investigate the sources of technological progress that can help explain the reported cross-country variations. Meaningful insights could be obtained by linking the patent citations data with data on potentially important contributors of knowledge growth, such as R&D expenditures as well as levels and quality of higher education. The US strictly dominates all other countries in all periods; the growing trends of the developing countries such as China, India, Korea and Taiwan are also evident. Notes: The sample period is divided into 8 equal-length sub-periods and we consider each country of each sub-period as an "author" to calculate the H-index for each "author." An author with a total of n papers has H-index h if he has more than h papers that have been cited at least h times and the other n − h papers have been cited at most h times.
We run Poisson regression and negative binomial regression with the H-indices as the dependent variable to examine the trends observed in Table B .1. We use the following model specification:
where the variables on the right-hand side are defined as in (3.1).
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Here, the dependent variable, Y cst , is the H-index for a given country c, sector s and year t. For example, if y JP,11,1980 = h, this means that considering the patents granted in 1980 for subsection category 11 by Japanese inventors as patents of one big inventor, her H-index is h. Since this dependent variable is count data, we apply Poisson regression and negative binomial regression to estimate the coefficients. The standard errors are again clustered by country and sub-category.
The results are shown in Table B .2. These results are broadly consistent with our findings on citation frequency and average citations. The main regression results remain unaffected if we control for aggregate sectors instead of using sub-category sectors. See Table B .3. 
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Country 1980-1989 1990-1999 2000-2009 1980-1989 1990-1999 2000-2009 Japan ( 
Country 1980-1989 1990-1999 2000-2009 1980-1989 1990-1999 2000-2009 Japan (JP 
Country 1980-1989 1990-1999 2000-2006 1980-1989 1990-1999 2000-2006 Japan ( Notes: The specifications are the same as forh Table 4 except that only electrical and electronics sector patents are considered among the cited patents. We include CN and IN in RW for the first two sub-periods to avoid diverging estimators due to their small sample sizes. 
